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Trifluorolnethyl Ketones Show Culture Age-dependent Inhibitory 
Effects on Low K+_induced Apoptosis in Cerebellar Granule 
Neurons 
KATSUYOSHI SUNAGA, TORU TANAKA, SATORU TANl and MASAMI KAWASE 
Faculty of Pharmaceutical Sciences, Josai University, Sakado, Saitama 350-0295, Japan 
Abstract. We previously reported that two tnfluoromethyl 
ketones, 3,3,3-tnfluor0-1-phenyl-1,2-propanedione (TF1) and 
1, 1, 1-tnfluor0-3-phenyl-2-pro anone (TF2), have neuroprote-
ctive effects against low K -induced apoptosis in cerebellar 
g7lanule neurons (CGNs) exposed at 12-13 days in vitro (DIV). 
On the other hand, these compounds showed weak neuro-
protective potency against 7 DIV CGNs. It is reported that 
actinomycin D (Act-D), cycloheximide (CHX), and caspase i 
inhibitors prevent the apoptosis of CGNS induced by K 
deprivation. However, these experiments are generally performed 
using 7 DIV CGNs. We investigated and compared the anti-
apoptotic efficacy of these drugs and newly-discovered TFI and 
TF+2 to protect DIV 7 and 12-13 CGNS from death+ induced by 
K deprivation. Apoptosis of CGNS induced by K withdrawal 
at 13 DIV was potently inhibited by Act-D and CHX similar to 
those at 7 DIV Cas ase-3 inhibitors moderately suppressed cell ･ ~ death during low K -induced apoptosis both exposed 7 and 13 
DIV Serine protease inhibitor N-tosyl-L+~Phenylalanyl chloro-
methylketone (TPCK) had no effect on K -deprivation-induced 
apoptosis of CGNS at both 7 and 12 DIV This study showed 
that there are dlfferent pathways of apoptosis in CGNS 
depending on the culture age. 
Potassium (K+) deprivation-induced apoptosis of cerebellar 
granule neurons (CGNs) r~epresents one of the best in vitro 
models of neuronal apoptosis (1, 2). This culture system is 
also a good method for screening many compounds in order 
to find effective apoptosis inhibitors. The cultures of CGNs 
are formed by a homogenous population of granule neurons 
which can survive up to 15 days when they are maintai+ned in 
fetal bovine serum supplemented with 25 mM k (3). 
Apoptosis of C+GNs can be induced by lowering the 
extracellular K concentration from 25 to 5 mM, as 
Correspondence to: Dr. Katsuyoshi Sunaga, Faculty of Pharma-
ceutical Sciences, Josai University, Sakado, Saitama 350-0295, 
Japan. Tel: +81-492-86-2233, Fax: +81-492-71-7984, e-mail: 
ksunaga@ josai.ac. jp 
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evidenced by morph l gical and biochemical meth0+ds (1, 2, 
4). Death of CGNs induced by switching to 5 mM K can be 
prevented by several compounds, such as actinornycin D (Act-
D) (4), cycloheximide (CHX) (4), fullaren derivatives (5), 
forskolin (6) and ca~pase-3 inhibitors (Z-DEVD and Z-VAD-
FMK) (7), but not by the chymotrypsin inhibitor (TPCK), 
trypsin inh bitor (TLCK) and caspase-1 inhibitors (Ac-
YVAD-CHO) (4). Thes experiments are generally 
performed using CGNs on days in vitro (DIV) 7-8. During our 
screening program of apoptosis inhibitors, we found that 
PhCOCOCF3 (TF1) and PhCH2COCF3 (T+F2) prevent the 
apoptosis of DIV 12-13 CGNs induced by K deprivation, but 
not the apoptosis of DIV 7 CGNs (Fi:,ure 1). Compounds 
TFI a  TF2 showed sirnilar neuroprotective potency to Act-
D and CHX (8). 
Therefore, we studied the effects of several drugs such as 
Act-D, CHX, caspase inhibitors, serine protease inhibitors 
and newly-disc+0vered TFI and TF2 on apoptosis of CGNs 
induced by K deprivation at both DIV 7 and 12-13. The 
purpose of thi  study was to compare the anti-apoptotic 
efficacy of the e drugs t+0 protect DIV 7 and 12-13 CGNs , 
from death induced by K deprivation. 
Materials and Methods 
Cell culture. Cul es enriched in granule neurons were obtained from 8-
day-old Wistar rats as described previously (9). The cells were plated in 
basal medium Eagle (BME) supplemented with 10% fetal bovine serum, 
2 mM L-glutamine, 25 mM KCI and 50 ug/mL gentamicin on 48-well 
plate c ated with poly-L-lysine. The cells were plated at a density of 2.5 5 2 x 10 /cm . Cytosine-B-D-arabinofuranoside (AraC, 10 uM) was added 
to he culture medium 18-22 hours after plating to prevent proliferation 
of nonneurQnal cells. Cultures generated by this method have been 
characterized and shown to contain >95% granule neurons. 
Treatment of cultures and assessment of neuronal survival. After 7 or 12-13 
days in vitro (DIV) in 25 mM KCI medium, the culture medium was 
replaced with serum-free BME medium containing 5 mM KCI and 
supplemented with L-glutamine, gentamicin and AraC at the 
concentrations indicated above (LK). The test compounds were 
dissolved and diluted in ethanol and 200-fold concentrated compounds 
were added directly to the low K+/serum-free mediun~. Control cultures 
were maintained in serum-free BME medium supplemented with 25 mM 
KCI (HK). 
After 20-24 hours maintained in LK or HK, neuronal survival was 
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l igur~ I C7,t"'fitTT!s!nit'!frrr,, nfTrl ,!'tt! TF2 
TF2 
del~;rmincd It}' 3-(4.5-dir]let[]yl-]-~hiiLz()lYl)-].5-Lliphenyl-2H-letritzolium 
hronlitlc ( M~rT) ~L~~uY. Tllc Fls:~ly relics (}. n the ~lhilitT of the mitoch()ndri{l 
or live cells to redL[~c MT~[- to ~L wiiter-ill~olLlble hlLIC IllTmnziin prot!uct 
[[1 1lrieL tlle cultures wCTU ~~ilshcci twice and iidded tn BME [ncdiun] 
col]tninin*~ 50() ILg!mL lvllT. After il ~U-mi]]L[Le i~cLLbtltion ~It 37'C thc 
reuction ~v~lh stt)pped bv ndding lvsi]]g bL]ITer (20f･;* SDS in 50~~. dquei]us 
N,!~'-dimetITY]ibrmnlllidc solutioll pH 4.7) The nbhorbiLncc YL'ils 
mcd~Llrt:d spcclTophol']nlo[Tic~lliv ELI 570 nnl ~Ll~er E] rurthcr overni+~ht 
in~u[1:[tion ut 37'C TI]e l'ercent ~urviY~ll w~LS dc'ineLl ils [ilbs(,rhilnce 
(cxperinlctELl-LlltL]lk)!iLt):orh~incc ~contrill-hl~Lnk)1 x IUO. ~]nLi the bl~ir]k 
wil~ I Ilt vELILle lilkcn from ,vcl 1~ withoul cc]Is 
D','i ftt!~'r't"Itt~!ic"' f"Itr!}1'is. Ik)tiLl ~cnt'r]lic DNA LY~~ extr~LCted fr':]T~ 
cLlllured ('CNh ~[ntl Lhe exten~ of DNA rr~lgn]elltation wns ~in~Llvzed bY 
tlg~Lrohe ~cl el~;ctrt]pl~oTVsi~ Lls dc~cfihed (lO] Afler ITei~tment with 
l(NE]~O A (5il IL*'~!mL) and protein~lsc K ((},1 mg!mL) nt 37'c r(.]r 30 
TT]il]ulo~ ~LnLl (],~~~t SDS n[ 5(.,"C' for ~l.) nlinutc~. :olL[blc DNA wah 
subjectcd [L] electrilphore~i~ iT1 ~J 1 2~;, ~L~i]ro~e ~cl ilnd visLLali/_ed bY 
c~llitliLlnl bn}m ide sliiini[]~*' 
(7,i,,,ii,,f'!_~. 3.3 3'I~il~LLoro-1-[11lenyl-1 2-prop~Inedion, fTFl] i[ncl I I l-
triilL]ur0-3-pllcnvl-2-prop~Inone (TF2) Iverc obt~lined itom Aldrich 
J ~Lp~[11 CtLrhoxyhcnzoyl-L-v~~lyl-L-B-mcth) l-tlsptirl- I -Y] flui]rolllctl]~i[]e (7--
VAD-~Mh;:) ~icetV]-Try-V~Ll-Al~l-Ahp-~ldoilvde (Ar-YV,~tD-CHO) nl]d 
c~i rbt]¥~he 11/uyl-1_-LL~ p~lrtYl- L-gl u t~lm,1 - L-va l,'1-L-LL:[]~[rt- I -YI l=1 L[orom e-
lhnnc (7_-D~VD-FlvlK) bverc purchn~ed rmm CEllhiL,chem-r~OYilbiochem 
(Si]n DicgL}. CA. USA). Actinom~cin-D. cYc]ol]exi[T~ide u]]d !V-I['syl-L-
pllcnylL[I~ninc chlt)romclhy] kelonc (TPCK) wcTe obtt[incd ~rom Sigm~L 
(SI [~)L]i~. lvlO USA) 
~rilii,Y!i,t!! tf'Tei!}i,is. ~~lc cli]lu ilre e¥pTes~ed ~l~ ~c~Ln~ :t SEM Stilli~.~ic~Ll 
hignific~tllce ~v~L: dctermined by u~ing nn i~~itlYsi~ o. r vari~lncc (ANOV!~.) 
itlll(1wctl bv Dunnctt~ (]T 1~i][1rerroni~ p[~st-te~t,~. ELF indiciltcd in tl]e 
fi~L]re [t:~cnd~ 
Results 
CGNS werc cL]Itured t.)n DIV 7 and 12-13 in dcpo]arizin_~ 
lcvc]s of K+ (25 mM) In the presence o.f serum We usecJ iln 
MTT ils~dy to ex~lmine the lifetimo in cuiturin_~ of CGNS 
(FiguTe l) CCNS aL[gmented MTr reduction activitv duTin" 
culture. which culminated at S DIV Thc cells mEiintained 
he~l[thy itspccts nt ledst 14 DIV. Thercirfte.r, the ce]Is abruptly 
died in thc suhsocluent 2 d~rys These observatians were also 
confirmed b}' morpl]ologicill cxaminat[on S[mLLltaneou~ 
lowcring of the K+ concenlrdtion on DIV 7 and 12-13. tL) 5 
mM tllnd rcmoval of serum (K+!serL]m withdraw~ll) ied t(.] a 
k)ss of neuron:l] viilbilit)L Morphnlogic~llly, bath DIV 7 and 
12-13 CG_,NS remainec+1 ~l]mL)st n(}rmal in ~lppear~ince for 
sever~il hours ~rfter K **scrum ~vltl]drawdl Elfter which the 
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viability of CGNs decreased by > 50% when measured after 
24 hours, as similarly described by others (1, 4). 
Fragmentation of genomic DNA is a hallmark of apoptosis 
and such fragmentation is induced in DIV 7 CGNS by ?
switching to a low K medium (1~). This is also illustratedT/1,n 
Figure 3, showing the same DNA fragmentation in *. -
deprived DIV 12-13 CGNs. 
The ability of seyeral apoptosis inhibitors to limit CGN 
death induced by K deprivation as a function of culture age 
was studied. First, newly-discovered apoptosis inhibitors T~'-<} 
and TF2 blocked the death of CGNs induced by *~ 
withdrawal at DIV 12-13, but not at DIV 7. The dose-
response relationships of neuroprotective effects by TFI and 
TF2 are shown in Figure 4. When apoptosis was induced at 13 
DIV, both TFI and TF2 potently protected neuronal 
apoptosis in dose-dependent manner, in which maximum 
protection was approximately 66% at 10 uM and 56% at 100 
Lt, M, respectively. In the case of TF1, excess of 30 ~t.M reduced 
neuroprotective effects, showing a bell-shape curve. On the 
other hand, when apoptosis was induced at 7 DIV, 
neuroprotection by TFI and TF2 was very weak, 
approximately only 30% protection at 100 uM concentration. 
These protective effects of TF compounds were not affected 
by supplementation of glucose at 10 DIV, which prolonged 
cell Survival more than a further seven da~s (data not shown). 
Second, apoptosis of CGN induced by K withdrawal at both 
DIV 7 and 1213 was mhibrted by Act D (a RNA 
transcription inhibitor) and CHX (a protein synthesis 
inhibitor) (Figure 5). Third, Z-VAD-FMK, a non-selective 
caspase inhibitor and Z-DEVD-FMK, a selective inhibitor of 
caspase-3 (CP+P32/Apopain) moderately suppressed cel] death 
from low IC -induce  apoptosis in DIV 7 and 12 CGNs 
(Figu e 6). In contrast, AC-YVAD-CHO, a selective inhibitor 
of caspase-1, did not block apoptosis induced by low K+ in 
DIV 7 and 12-13 CGNs. Fourth, the chymotrypsin inhibitor, 
N-tosyl-L-ph+enyla anyl chloromethylketone (TPCK), had no 
ffect on K deprivation-induced apoptosis of DIV 7 (8) and 
12-13 CGNs at concentrations tolerated by the CGNs (data 
not shown). 
Discussion 
Apoptosis s prominent n normal developing CNS, in certain 
genetic diseases and after some forms of CNS injury (11, 12). 
Neurodeg nerative diseases also involve apoptotic cell death 
(13). Recent studies have suggested that apoptosis inhibitors 
can prevent a neurodegenerative disease (14, 15). Conse-
quently, apoptosis inhibitors can be considered as potential 
neurorescuing agents. As the cultures of CGNS are formed by 
a homogeneous p pulation of granule neurons and large 
amounts of CGNs are easily obtained, this culture system can 
be suitable for screening effective apoptosis inhibitors. 
During our progr m for screening apoptosis inhibitors, we 
foun that some TF compounds blocked the apoptosis of 
100 
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DIV 12-1<3 CGNs, b~t not the apoptosis of DIV 7 CGNs. This 
indic',rted that K -deprivecl CGNS Showed increasing 
sensitivity to TF compounds between DIV 7 and 12-13. 
We undertook some experiments to elucidate the molecular 
mechanisms underlying the differences between apoptosis 
incluced at 7 and 12-13 DIV. We showed that Act-D, CHX 
',mcl caspase~3 inhibitors rescuecl both 7 and 12-13 DIV from 
death by K deprivation; however, caspase-1 inhibitor and 
serine protease inhibitors dicl not prevent apoptosis of either 
7 or :12-13 DIV. These results indicated that apoptosis 
incluced at both 7 and 12-13 DIV similarly recluire new 
protein synthesis and activ'ation of caspase-3. However, the 
apoptosis-inhibitory activity of TFI and TF2 was unrelated to 
the inhibition of caspase-3 (8). 
It is speculated that some p',rthways to apoptosis of matured 
CGNS (7 DIV) would disappear anci/or a new pathway 
'appe'ars between 7 and 12-13 DIV. In this regard, con-
siderable results have been reported that responsiveness of 
CGNs to neurotrophins change (16-1.8) and p75NTR falls 
dr'astically dur,ing cerebellar development (16). Furthermore, 
it is reported that up-regulation of, cyclin Dl mRNA is 
accompanied with apoptosis of immature but not mature 
CGNS (19). These results suggest that there are different 
pathways of neuronal apoptosis depending on differentiation 
or aging state of the cultured neurons. 
Ho, wever, the possibility of changes in the permeability of 
the cell membrane for TF compounds by the culture ages (7 
ancl 1~2-13 DIV) can not be ruled out. In this regard, a high 
close (1+OO ~LM) of TF compounds slightly rescued CGNS from 
low K -induced apoptosis on 7 DIV culture (Figure 2). 
Moreover, the neuroprotective property of other neuro-
protective 'agents, such as Act-D, CHX, Z-DEVD-FMK and 
Z-VAD-FMK, which are thought to act at intracellular 
compartment, rem'ained unchanged during aging. It is 
reportecl that TPCK blocked caspase-3, -8 and -9 activation 
and apoptosis during hypoxiareoxygenation (20); ho¥vever i,n 
our experiments, TPCK had no protective effect on low K -
induced apoptosis at both 7 and 12-13 DIV. These results 
suggested that membi-ane perme'ability for various agents 
could be related to expression of th~se biochemical effects. 
Although various factors in low K -induced apoptosis of 
CGNS are considered, this culture system would be useful for 
research of various mechanisms of apoptosis and screening of 
new 'apoptosis_-preventing agents by evaluation at some 
deveiopmental stage (7 and 12-13 DIV) of the culture. 
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